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MRI muscle imagingAbstract Purpose: To study the beneﬁt of combining clinical and radiological assessments in the
diagnosis of inherited muscle diseases.
Subjects and methods: This cross sectional study included 45 patients presenting with manifesta-
tions of muscle disease. They were subjected to thorough clinical assessment and MRI examination
of thigh and leg muscles. Independent clinical and radiological assessments were performed fol-
lowed by combining the clinical categorization and radiological signs together to assess the strength
of collaborating the clinico-radiological assessments in diagnosis of rare muscle diseases.
Results: Clinical assessment suggested the diagnosis in 42% of the cases and radiological assess-
ment blind to clinical data suggested the diagnosis in 20% of the cases. Combining both was able
to suggest the diagnosis in 56% of the cases. Also the radiological assessment supported the clinical
diagnosis of some rare muscle diseases uncommonly reported in Egypt.
Conclusion: Combining clinical and radiological assessments of muscle diseases is helpful to sug-
gest a reliable diagnosis, especially in circumstances where genetic diagnosis is expensive or not
accessible.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Inherited muscle diseases are seen every now and then in dif-
ferent Neurology and Pediatric-neurology clinics. El-Tallawy
et al. 2005 reported a point prevalence of muscle diseases in
Assiut-Egypt of 76.6 per 100,000 in the total community with
no signiﬁcant differences between the rural and urban commu-
nities. They include congenital myopathy, metabolic myopa-
thy, myotonia, congenital muscle dystrophy and muscle
dystrophies [dystrophinopathy and limb girdle] (1).
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ential diagnosis a real challenge. Still, selective involvement of
certain muscles is a key feature that helps in the differential
diagnosis of muscle diseases. However, selectivity sometimes
could not be detected clinically (2).
Muscle imaging has been long accepted as an important tool
to help ﬁnd suitable sites for muscle biopsies but in the last few
years in particular there has been a marked increase in reports
describing ﬁndings of CT or MRI claiming speciﬁc patterns of
muscle involvement in various muscular dystrophies (2).
The ﬁnal diagnosis could be done only via genetic analysis
but initiating expensive genetic testing will need a short list of
differential diagnosis. Collaborating the clinical and radiolog-
ical assessments could help in reaching the most probable diag-
nosis (2).
The aim of this study is to describe the value of combining
clinical and radiological assessments in reaching a nearly deﬁ-
nite diagnosis of rare muscle diseases.
2. Patients and methods
This cross sectional study includes forty-ﬁve patients present-
ing with clinical manifestations suggestive of muscle disease.
They were subjected to;
2.1. Clinical assessment
It includes thorough history taking with special stress on: age
of onset, progression of the disease, pain, family history anal-
ysis, history of respiratory-cardiac or gastrointestinal troubles,
assessment of the muscle state [atrophy, hypertrophy], detec-
tion of selective wasting and scapular winging, assessment of
muscle power [MRC grading: muscle strength grading system
by the Medical Research Council], assessment of contractures
and clinical assessment of gait pattern [heal strike, tip toe
walking, foot drop and waddling gait]. Serum CPK level was
measured and electromyography was done for all patients
and both conﬁrmed the presence of myopathy.
The patients were divided into four groups according to
their clinical presentation; limb girdle weakness associated
with calf hypertrophy, limb girdle weakness associated with
calf atrophy, early onset myopathy and myopathy with distinc-
tive clinical manifestations. Institutional review board ap-
proval and informed consent was taken from all patients.
2.2. MRI examination
Muscle MRI was performed on Philips Interna 1.5T, Philips
Achieva 1.5T and GE signa 0.2T systems, using conventional
T1 and T2 weighted spin echo sequences and STIR. The slices
were 10 mm thick and the gap between slices was 3 mm on
average. The ﬁeld of view was 40 cm to include both limbs.
For all patients, MRI was performed from the upper thighs
down to the lower legs. Both sides were included in the exam-
ination ﬁeld. Axial sections were primarily used for evaluation
and grading, while coronal and sagittal sections were used for
conﬁrmation of involvement and extent of muscular affection.
The T1, T2 and STIR MR weighted images were evaluated
by an experienced musculoskeletal radiologist as regards: Nor-
mal and abnormal muscle bulk (atrophy or hypertrophy), fatty
replacement of muscle (high T1 and T2 signal intensity similarto subcutaneous fat which is suppressed in STIR) and the
grade of muscular affection.
MR grading system: we implemented a grading system cre-
ated by us to describe muscle involvement on T2 MRI
weighted images as follows:
Grade 0 (normal): Normal muscle appearance and signal
intensity
Grade 1 (mild affection): Patchy high signal intensity areas
involving less than 50% of the muscle
Grade 2 (moderate affection): Conﬂuent high signal inten-
sity areas involving more than 50% of the muscle
Grade 3 (severe affection): The entire muscle is replaced by
high signal intensity with loss of normal muscular striation
pattern. This grading system was used to determine the
degree of muscle involvement and which muscles are rela-
tively spared.
The muscles individually examined on MRI were:
(a) Anterior thigh: sartorius, gracilis and quadriceps femo-
ris muscles
(b) Posterior thigh: semimembranosus, semitendinosus,
biceps femoris as well as adductor muscles.
(c) Leg: gastrocnemius, soleus, tibialis anterior, tibialis pos-
terior, extensor hallucis, extensor digitorum longus and
peroneal muscles.
The scans were compared with the previously described
patterns of different muscle diseases and classiﬁed as consistent
or non-informative.
In patients with calf hypertrophy, we relied on the imaging
ﬁndings describing LGMD2I, (3) sarcoglycanopathy-
LGMD2C, D, E (4) and dystrophinopathy (5). In patients with
calf atrophy, we relied on the MRI ﬁndings described for
LGMD2A (6) and dysferlinopathy (LGMD2B) (7). In cases
of early onset myopathy, we referred to the muscle imaging
ﬁndings described by Quijano-Roy et al. 2011(8). Other spe-
ciﬁc patterns of myopathy were reported by different authors
and we relied upon their pre described features in assessment
of our cases and they include: SEPN-1 related myopathy, (9)
Bethlem myopathy, (10) hereditary inclusion body Myopathy
(Nonaka myopathy- GNE related myopathy) (11), hereditary
myosin associated myopathy, (12) myotonic dystrophy, (13)
fascioscapulohumeral muscle dystrophy (14) and ZASP associ-
ated myopathy (15).
We also used a description of early pattern of thigh muscles
involvement in different muscle diseases published by neuro-
muscular disease center in Washington University (16) as a
guide for radiological diagnosis.
Independent clinical and radiological assessments were per-
formed by two experienced neurologist and radiologist, fol-
lowed by combining the clinical categorization and
radiological signs together to reach a consensus diagnosis in
order to assess the strength of collaborating the clinico-radio-
logical assessments in diagnosis of rare muscle diseases.3. Results
Forty-ﬁve patients were enrolled in this study. Table 1 shows
the number of patients in each group, age at onset, disease
Table 1 The clinical characteristics of the patients.
Clinical
phenotype
Number of
patients
Mean ± SD of
patients’ age
Mean age of
onset
Mean duration
of disease
Mean CPK
LGMD* with muscle hypertrophy 15 23 ± 9.2Y 12.2 ± 5.2Y. 10.5 ± 7.2Y 8900 ± 3500 IU
LGMD* with muscle atrophy 9 19.7 ± 6.2Y 12.3 ± 4.2y 7.4 ± 3.9Y 6300 ± 4440 IU
Early onset myopathy 12 7.4 ± 4.6Y 2.4 ± 0.6Y 3.2 ± 1.1Y 216 ± 190 IU**
Myopathy with distinctive clinical features 9 32.1 ± 4.1 21.1 ± 5.7 11.1 ± 5.6 240 ± 50.7 IU
* LGMD: limb girdle muscle dystrophy.
** Excluding the patient with congenital muscular dystrophy.
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groups.
Fifteen patients presented with limb girdle weakness associ-
ated with calf hypertrophy. They were 8 males and 7 females.
Clinical assessment of this group of patients failed to reach a
deﬁnite diagnosis as the family history was not conclusive
and till the time of assessment there was no manifestation of
cardiac or respiratory involvement. MRI assessment blind to
clinical data suggested the diagnosis in two cases of sarcogly-
canopathy where soleus muscles involvement more than gas-
trocnemius was characteristic. On the other hand,
radiological assessment coupled with clinical data was able
to reach a diagnosis in other 5 patients: two patients meet
the criteria of dystrophinopathy (Becker phenotype) where
the reverse pattern of gastrocnemius involvement more than
soleus was detected (Fig. 1), a third case with criteria of sarco-
glycanopathy (Figs. 1 and 2) and two patients with criteria of
FKRP related muscle dystrophy-LGMD2I in which fatty inﬁl-
tration of posterior thigh compartment muscles more than the
anterior compartment muscles with relative sparing of rectus
femoris, sartorius, gracilis muscles were detected (Figs. 1–3).Fig. 1 LGMD with muscle hypertrophy group: axial T1 and T2 ima
muscular dystrophy showing mild to moderate affection of anterior an
of calf muscles (more in gastrocnemius than soleus). (2): Sarcoglycanop
anterior and posterior thigh compartment muscles. On the contrary, t
(3): FKRP related muscle dystrophy LGMD2I showing more severe af
sparing of rectus femoris, sartorius and gracilis muscles. In legs, thereNine cases ﬁt the presentation of limb girdle weakness with
atrophy of calf muscles. They were 4 males and 5 females.
Clinical clues of signiﬁcantly weak adduction and tip toe walk-
ing due to ankle contracture suggested the diagnosis of cal-
pain-3 deﬁciency LGMD2A in 3 patients. Heal strike and
relatively rapid onset after sporty life suggested the diagnosis
of dysferlin deﬁciency LGMD2B in 2 patients. No clinical
clues were detected in the other 4 patients. Radiologically,
MRI assessment blind to clinical data suggested the diagnosis
in two cases of calpain-3 deﬁciency myopathy (due to involve-
ment of all hamstring muscles, relatively spared vastus lateralis
and associated selective involvement of soleus and medial head
of gastrocnemius) and another case of dysferlin deﬁciency
myopathy (due to involvement of vastus lateralis, semimembr-
anosus, adductor magnus and both heads of gastrocnemius
muscles). MRI coupled with clinical data conﬁrmed the clinical
diagnosis of LGMD2A in the 3 patients (Figs. 1 and 2) and
suggested the same diagnosis in another one. It also conﬁrmed
the diagnosis of LGMD2B in the 2 patients (Fig. 2).
Twelve patients were classiﬁed under early onset myopathy
and presented with delayed motor milestones associated withges of the thighs and legs (a, b, c and d respectively). (1): Becker
d posterior thigh compartment muscles with more severe affection
athy muscular dystrophy showing moderate to severe affection of
here is more severe affection of soleus than gastrocnemius in legs.
fection of posterior than anterior thigh compartment muscles with
is more severe affection of gastrocnemius than soleus muscles.
Fig. 2 LGMD with muscle atrophy group: axial T1 and T2 images of the thighs and legs (a, b, c and d respectively). (1): Calpain-3
deﬁciency LGMD2A showing moderate to severe affection of the hamstrings with intact vastus lateralis muscles. In legs, soleus and medial
head of gastrocnemius are affected. (2): Dysferlin deﬁciency LGMD2B showing more severe affection of posterior than anterior thigh
compartment muscles with involvement of vastus lateralis muscles. In legs, soleus and both heads of gastrocnemius muscles are affected.
Fig. 3 Early onset myopathy group: axial T1 and T2 images of the thighs and legs (a, b, c and d respectively). (1): SEPN-1 related
myopathy showing selective affection of sartorius muscles (arrows). (2): Central core disease showing severe affection of calf muscles
sparing the medial head of gastrocnemius and mild affection of thigh muscles.
480 A. Wafaie, A. Aboumousaaxial muscle weakness and/or contractures. Certain points
were just a clue for a step forward in clinical diagnosis. Theyincluded: very high CPK level [1800 IU] suggesting congenital
muscular dystrophy rather than a congenital myopathy in one
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tients with central core disease, rigid spine with SEPN-1 re-
lated myopathy in one patient, bulbar-ptosis and extraocular
muscle weakness suggesting congenital myasthenia with posi-
tive myasthenic reaction in repetitive supramaximal stimula-
tion in one patient. There were no speciﬁc clinical clues in
the remaining 7 patients. Radiologically, MRI assessment
blind to clinical data suggested the diagnosis in two cases:
selective and solitary involvement of sartorius supported the
diagnosis of SEPN-1 related myopathy in one patient (Figs. 1–
3) and fatty inﬁltration of soleus and lateral head of gastrocne-
mius supported the diagnosis of central core disease in second
patient (Figs. 2 and 3). On the other hand, radiological assess-
ment coupled with clinical data was able to conﬁrm the clinical
diagnosis of a second case of central core disease where the
speciﬁc muscular affection was milder. In the remaining 9 pa-
tients, MRI showed mild diffuse involvement of the muscles of
legs and thighs.
In our study population, 9 patients showed distinctive clin-
ical presentation consistent with speciﬁc syndromes. Radiolog-
ically, MRI assessment blind to clinical data suggested the
diagnosis in only two cases (myotonic dystrophy and Bethlem
myopathy), while radiological assessment coupled with clinical
data conﬁrmed the diagnosis in all of the nine cases as follows:
– Two patients presented with foot drop, quadriceps sparing,
high CPK and myopathic EMG. MRI showed quadriceps
sparing myopathy. Posterior compartment was more
severely affected than the anterior with early and selective
involvement of peroneal muscles and medial head ofFig. 4 Myopathy with distinctive clinical features group: axial T1 an
Nonaka myopathy (GNE related myopathy) showing quadriceps spa
degree medial head of gastrocnemius, peroneal and anterior tibial mu
severe affection of posterior than anterior thigh compartment m
semitendinosus as well as soleus and gastrocnemius (more at the later
of the anterior thigh compartment muscles (especially the vasti) in s
gastrocnemius muscles (more at medial head) and relative sparing ofgastrocnemius (Figs. 1–4). Both clinical and radiological
assessments support the diagnosis of Hereditary Inclusion
Body Myopathy (Nonaka myopathy- GNE related
myopathy).
– One patient was referred for consultation about surgical
release of aggressive contracture and progressive myopathy.
MRI showed selective involvement of the vastus lateralis,
gracilis and semitendinosus in thighs as well as soleus and
gastrocnemius in legs with sparing of the thigh adductors
and anterior tibial muscles (Figs. 2–4). Both clinical and
radiological picture suggest the diagnosis of hereditary
myosin associated myopathy.
– One patient presented with picture suggestive of myotonic
dystrophy type 1, MRI showed selective involvement of
the vasti muscles in characteristic semilunar perifemoral
pattern with affection of soleus and gastrocnemius (more
at the medial head). Rectus femoris and posterior tibial
muscles were relatively unaffected (Figs. 3 and 4).
– In one patient with distal and proximal weakness, muscle
biopsy (done before enrollment in the study) revealed vacu-
olar myopathy. MRI showed selective involvement of semi-
membranosus, vastus medialis and biceps femoris,
suggesting a myoﬁbrillar myopathy due to ZASP protein
abnormalities (Figs. 1–5).
– One patient presented with myopathy associated with con-
tracture at elbow and ﬁnger ﬂexors suggesting the diagnosis
of Bethlem myopathy. MRI showed that the vasti muscles
appeared to be the most severely affected thigh muscles,
with a rim of abnormal signal at the periphery of each mus-
cle and relative sparing of the central part. Anotherd T2 images of the thighs and legs (a, b, c and d respectively). (1):
ring myopathy with severe affection of hamstrings and to lesser
scles. (2): Hereditary myosin associated myopathy showing more
uscles and selective involvement of vastus lateralis, gracilis,
al head). (3): Myotonic dystrophy showing more severe affection
emilunar perifemoral pattern with severe affection of soleus and
rectus femoris and posterior tibial muscles.
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ment of the rectus femoris with a central area of abnormal
signal within the muscle (Figs. 2–5).
– Three patients presented with picture of fascioscapulohu-
meral weakness with Beevor sign (upward shift of umbilicus
due to selective involvement of upper part of rectus abdo-
minis muscles and sparing of lower part). Their MRI
showed asymmetry and severe involvement of the medial
gastrocnemius, tibialis anterior and soleus muscles in the
lower legs. At the thighs, the most severely involved muscles
were the semimembranosus, followed by biceps femoris,
semitendinosus and adductor muscles (Figs. 3–5). These
clinical and radiological manifestations suggest the diagno-
sis of fascioscapulohumeral muscle dystrophy.
As shown in Table 2, clinical assessment was able to suggest
a diagnosis in 19 out of the 45 patients (42%). The least yield-
ing results were among patients having muscle hypertrophic
pattern and the highest result was among patients having dis-
tinctive clinical manifestations.
Radiological assessment blind to clinical data was able to
suggest a diagnosis in 9 patients (20%). The diagnosis was
made on the basis of distinctive radiological appearance of
Bethlem, central core myopathy or the selective involvement
of gastrocnemius heads and soleus muscles in calpainopathy,
dysferlinopathy, and sarcoglycanopathy or highly speciﬁc pat-
terns such as that associated with SEPN-1 related myopathy
and myotonic dystrophy.
MRI examinations were non informative in 5 patients due
advanced fatty inﬁltration (Figs. 1–6) or absence visible abnor-
malities although associated with high CPK and signiﬁcant
complain of muscle pain on exertion (Figs. 2–6). In other 15
cases, the MRI pattern was non-consistent with speciﬁc
pattern.
Combining both clinical and radiological assessments was
able to establish a diagnosis in 25 cases (56%). The highestFig. 5 Myopathy with distinctive clinical features group: axial T1 and
respectively). (1): Myoﬁbrillar myopathy due to ZASP protein abnorm
semimembranosus and biceps femoris muscles with unremarkable leg m
severely affected thigh muscles, with a rim of abnormal signal at the
Another characteristic ﬁnding is the presence of a central area of abn
humeral muscle dystrophy showing asymmetric affection of the thig
affection of the calf muscles (sparing lateral head of gastrocnemius) aadditive value of this protocol was among patients with muscle
hypertrophic pattern.
4. Discussion
Although muscle diseases share common clinical features, yet
the prognosis and family counseling vary among them. This
gives importance to reach a more reﬁned diagnosis (1). This
study aimed at describing the effect of combining both clinical
and radiological assessments on verifying the diagnosis in a
group of patients presenting with different muscle diseases.
Certain types of muscle disease have a peculiar clinical pre-
sentation which could suggest the diagnosis on clinical basis
(8). The clinical assessment was able to suggest the diagnosis
in 42% of the patients. These diagnoses include Bethlem
myopathy with characteristic ﬁnger contractures, rigid spine
in cases of SEPN1 myopathy, quadriceps sparing in Nonaka
myopathy. Early and aggressive contractures in cases of hered-
itary myosin myopathy, myotonic phenomena in myotonic
dystrophy and fascioscapulohumeral distribution associated
with Beevor sign in cases of fascioscapulohumeral muscle dys-
trophy. Although these features are somehow characteristic,
yet they still have a clinical differential diagnosis and then
the radiological assessment can support the clinical diagnosis
in such setting. On the other hand, the clinical phenotype
may lack distinguishing features so the clinician is not able
to suggest a clinical diagnosis. This was overt in this study in
the group of patients presented with limb girdle weakness
and calf hypertrophy as the pattern of inheritance, the cardiac
and respiratory involvement were not conclusive to help in
addressing a deﬁnite diagnosis. The same issue was found in
patients presenting with myopathy early in life where there
was no selective muscle involvement.
Selectivity is a known characteristic feature of muscle dis-
eases. Sometimes the pathology involves one part [head] of a
muscle and spares the other part. This usually could not beT2 images of the thighs and axial T2 images of the legs (a, b and c
alities showing selective moderate affection of the vastus medialis,
uscles. (2): Bethlem myopathy where the vasti muscles are the most
periphery of each muscle and relative sparing of the central part.
ormal signal within the rectus femoris muscle.(3): Fascio-scapulo-
h muscles more severe at hamstrings and adductors with severe
nd anterior tibial muscles.
Fig. 6 Unclassiﬁed cases: axial T1 and T2 images of the thighs and legs (a, b, c and d respectively). (1): diffuse non-speciﬁc affection of
all thigh and leg muscles. (2): normal MRI study despite clinically diagnosed myopathy based on neurological symptoms and signs, high
CPK level and abnormal EMG study.
Table 2 The clinical and radiological diagnosis in the studied cases.
Clinical phenotype Clinical diagnosis blind
to radiological assessment
was suggested in
Radiological diagnosis
blind to clinical assessment
was suggested in
Combined clinical
and radiological diagnosis
was suggested in
LGMD* with muscle hypertrophy 0 2 7
LGMD* with muscle atrophy 5 3 6
Early onset myopathy 5 2 3
Myopathy with distinctive clinical features 9 2 9
Total 19 9 25
* LGMD: limb girdle muscle dystrophy.
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strate this as seen in selective involvement of soleus more than
gastrocnemius in patients with sarcoglycanopathy (4) and the
differential involvement of gastrocnemius heads in calpainop-
athy (6) and central core myopathy (8). In addition speciﬁc
pattern of muscle involvement can point toward a speciﬁc
diagnosis as seen in selective involvement of sartorius muscles
in SEPN-1 related myopathy (9). Moreover, fatty inﬁltration
can affect one of the heads of the muscle in a speciﬁc pattern
as seen in patients with Bethlem myopathy (10). This concept
was recently supported by the ﬁndings of Sandell et al. 2013
who reported that in one type of LGMD, the general clinical
ﬁndings do not provide clues for diagnosis. Yet a distinct pat-
tern of muscle involvement and pathognomonic imaging ﬁnd-
ings are highly relevant in the clinical setting. The pattern of
muscle involvement is sometimes so typical that it can be used
as a differential diagnostic tool (17).
Combined clinical and radiological assessment narrows the
wide differential diagnosis to a reliable shortlist of differentialdiagnosis (8). For example, fatty inﬁltration of vastus lateralis
is seen in a wide spectrum of muscle diseases such as Duchene
muscle dystrophy, dysferlinopathy, laminopathy and central
core disease. Every one of these diagnoses has different clinical
manifestations. In our study, when radiological evaluation was
combined to clinical assessment, it was easier to choose the
most probable diagnosis and its diagnostic yield increased
from 20% to 56%. The yield of this combination was best
effective in patients presented with muscle hypertrophy. Using
this protocol, we were able to describe some of rare types of
muscle diseases that are uncommonly reported in Egypt, like
Bethlem myopathy, Nonaka myopathy, hereditary myosin re-
lated myopathy and SEPN-1 related myopathy.
In this study, there was still a group of undiagnosed pa-
tients without characterizing clinical presentation in which
the radiological evaluation was not helpful either due to dif-
fuse muscular fatty inﬁltration or lack of speciﬁc pattern of
muscular affection. This is well known in the neurology mus-
cle-ﬁeld and its percentage vary according to the study design
484 A. Wafaie, A. Aboumousa(2). The diagnostic power of the clinical and radiological
assessments is growing describing new types of muscle diseases
every now and then.
5. Conclusion
This study demonstrates the power of combining clinical and
radiological assessments of muscle diseases to suggest a reli-
able diagnosis, especially in circumstances where genetic diag-
nosis is expensive or not accessible.
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